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INTRODUCTION 
Response of plants to water stress are numerous and inter­
related. Morphological traits and growth patterns have been studied 
and reviewed extensively. Root growth patterns, leaf area and 
thickness, presence of cuticle hair and waxes, leaf movement, and 
wilting are only a few traits studied. Metabolic functions and how 
water stress affects these processes through stomatal behavior, 
transpiration rates and carbon dioxide exchange rates have also been 
reviewed. 
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Plant breeders are continually searching for traits which aid 
in selecting for high yielding genotypes in any one environment. 
Moisture is often limiting in South Dakota's environment, leading to 
relatively low grain yields in wheat. A better understanding is 
needed in how wheat plants respond to drought. 
This research effort was undertaken to explore the growing 
habits and osmotic potentials as well as yield and yield components 
of five spring wheat cultivars (Triticum asetivum L.). All data were 
taken from field plots grown at Highmore, South Dakota in 1979 and 
1980. Relationships between yield components, dry matter weight, til­
lering habit, leaf area, osmotic potentials and grain yield were eval­
uated for their usefulness in screening for moisture stress resistant 
wheat cultivars. 
LITERATURE REVIEW 
The relative yielding ability of plants under moisture 
stress has been described in terms of avoidance, tolerance, and 
escape (26 ) . Plants which maintain a high water potential avoid 
internal stress while others tolerate such stresses. Plants may 
also escape drought stress, such as early maturing cultivars, by 
completing their life cycles before moisture stress becomes severe. 
Water potential has been used extensively to describe water status 
of plants. 
2 
Slatyer and Taylor (33) used thermodynamics to describe 
water status of plants. Water potential (�) was defined (36) as the 
difference between the chemical potential of a solution in a system 
and that of pure water under similar conditions. This difference in 
chemical potentials (6µw) may be expressed as follows: 
6µW RT ln e/e 0 
Where: R = Universal gas constant (ergs/mole/degree) 
T = Absolute Temperature (degrees Kelvin) 
e = Vapor pressure of a solution at T 
e0 Vapor pressure of pure water at T 
6 � = ergs/mole 
Dividing the difference in chemical potentials by the par­
tial molal volume of water (expressed in cubic centimeters/mole) , 




One bar o pressure is equal to 10 ergs per cubic cen-
timeter. The use of pressure units in describing the water status 
of plants is used extensively. 
Water potential is made up of three components. Matric 
potential (interactions between water and solids) is small in living 
plant tissue and not usually considered. Turgor potential and os-
motic potential are most important when considering total water 
potential in plants. This relationship may be simply expressed as: 
1 = 1P + 1TI where 1p is equal to the turgor potential and � TT is 
equal to the osmotic potential. When turgor potential is equal, but 
opposite in sign, to osmotic potential, then total water potential 
is zero. In plants, water potential decreases (becomes more nega-
tive) as soil moisture becomes limiting. Turgor potential, as 
described by Green (11) , reduces at a more rapid rate than does 
osmotic potentials as total water potential decreases. 
Hsiao and Acevedo (13) summarized how water stress affects 
various physiological and metabolic processes. As stress develops, 
cell growth and cell wall synthesis in growing tissue are effected 
at water potentials of -1 to -5 bars. At greater levels of stress 
(-5 to -10 bars) carbon dioxide assimilation, respiration, and 
enzyme processes are affected. 
Growth of corn seedlings (10 days old) ceased at water poten­
tials between -6 and -7 bars (13) signifying the sensitivity of 
growth to water deficits. Acevedo et al. (1) demonstrated reduced 
growth rates (due to a short and mi d moisture stress) cou d be 
offset by a rapid period of growth upon watering. Green (11) de­
scribed the rate of growth as being dependent upon a threshold tur­
gor pressure. This threshold is reached before turgor pressure 
equals zero. 
4 
Hsiao et al. (14) believed that studies involving turgor pres­
sure and osmotic pressure of the cell sap would be more valuable than 
total water potential when evaluating plant performance under mois­
ture stress. 
Turner (37) stated that osmotic adjustment, the ability of a 
plant to decrease its osmotic potential through energy expenditure, 
would be advantageous by: 1) maintaining turgor pressure, 2) allow­
ing cell elongation to continue, 3) keeping s�omates open (thus allow­
ing photosynthesis to continue) , 4) keeping plants hydrated and 
5) allowing roots to continue growing. If osmotic regulation is im­
portant in plant survival and produ�tivity, then cultivar differences 
must be present so breeders may benefit. 
Differences between cultivars of spring wheat (Triticurn 
aestivum L. ) in leaf water and osmotic potentials were demonstrated 
by Kaul (17) , but no relationships to yield were determined. Keirn 
(18) depicted differences between winter wheat cultivars grown in 
stress environments. Differences in osmotic potentials were demon­
strated throughout the growing season, being small in the early 
stages of growth and becoming larger toward the grain fill period. 
Two high yielding cultivars (averaged over two drought stressed loca­
tions) exhibited different osmotic potential characteristics. Keim 
(18) stated that both drought avoidance and drought tolerance were 
important. 
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Morgan (28) demonstrated osmotic differences between species 
of Triticum and that osmotic potentials maintained turgor pressure 
over a wide range of water potentials. He further suggested that one 
could breed for plants that adjusted osmotically to improve drought 
tolerance of wheat. 
Fischer and Sanchez (8) found cultivar differences in leaf 
water potentials and osmotic potentials. They also noted differences 
in osmotic potentials between cultivars with the same water poten­
tial, suggesting differences in osmotic adjustments between cultivars. 
Considering drought susceptibility as the yield decrease due 
to drought in proportion to non-drought yield, Fischer and Wood (9) 
concluded that drought susceptibility was not associated with water 
relations but was related to some non-drought traits. Increases in 
non-drought yield, harvest index, kernels per unit area, kernels per 
spike, and leaf water potentials were associated with increases in 
drought susceptibility of various bread wheats (Triticum aestivum L. ) .  
Under drought conditions yield increases were most closely related to 
larger total dry matter weights at harvest. They proposed two linear 
models which best depicted yields under drought stress, and drought 
susceptibility from traits measured under non-drought conditions. 
The traits, measured under non-drought condition� (wet) , 
which best depicted yields under drought conditions (dry) were total 
dry weight, kernel weight and degree of leaf waxiness or: 
Yield (dry) = constant + [0. 07 X total dry weight (wet) ] 
+ [2. 4 X kernel weight (wet) ] + [16 X degree 
of waxiness (wet) ]. 
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Drought susceptibility was most dependent on the non-drought measure­
ment of kernels per spike, leaf water potential and degree of waxi-
ness or: 
S X 102 = constant + [0. 91 X kernels per spike (wet) ] 
+ (2. 3 X leaf water potential (wet) ] 
(Note: S 
+ (5. 7 X degree of waxiness (wet) ]. 
drought susceptibility = [1 - Yield under 
drought] /Yield potential) 
Based on this study, Fischer and Wood (9) suggested that selection 
for increased yields under non-drought conditions may increase 
drought susceptibility. 
Simpson (31) showed a strong relationship between grain yield 
and photosynthetic area above the flag leaf node. Both amount of 
leaf area and duration of leaf area were deemed important. 
Langer and Ampong (25) imposed moisture stress at four stages 
of development in wheat. Control treatments were kept at 70 percent 
of water holding capacity. Stress was imposed by lowering water con­
tent to 25% of water holding capacity for three weeks. Stress 
imposed during early stages (double ridge formation or spikelet for­
mation) initially reduced leaf area, but by anthesis leaf area was 
equal to the control. Conversely, leaf area was drastically reduced 
on plants deprived by water at spike emergence or anthesis and were 
7 
not able to 9ompensate due to the late stage of growth. 
Tiller production, slowed by an early moisture stress at til­
ler initiation or shooting stages, surpassed production of plants not 
exposed to moisture stress (5) . Stress imposed during the jointing 
stage reduced stem elongation and stem weight. Early maturing en­
tries overcame this reduction upon rewatering, but due to larger 
drought intensities (higher prevailing temperatures) , later maturing 
entries were not able to compensate. 
Rawson (30) found spikelet number to be closely related to 
the number of kernels produced on a wheat spike. Final grain yield 
per spike did not correlate to spikelet number due to differences in 
kernel weights. Larger spikelet number was associated with those 
entries that required more time to reach the point of floral initia­
tion or terminal spikelet differentiation. Sensitivity of spikelet 
development to drought was demonstrated by Wright (38) . Death of 
upper spikelets was attributed to a low intensity drought stress of 
four hours, four to five days before heading. 
Langer and Ampong (25) noted slight cultivar differences in 
response to moisture stress through wheat yield components. Yield 
was reduced most when stress was imposed between the appearance of 
double ridges on the forming spike and heading. Later stresses did 
not affect yield. Spikelet number was reduced only when stress was 
imposed as double ridses first appeared. Kernels per spike were 
reduced most when stress was initiated during spikelet differentia­
tion. Earlier stress also reduced kernel number but varied between 
entries. Kernel weight was reduced most by moisture stress applied 
at heading or anthesis. 
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It is evident that grain yield in stressed environments may 
be reduced in a number of ways depending on the timing and intensity 
of stress. Chinoy (4) noted earlier varieties were able to respond 
better than later varieties to watering after wilting. Later entries 
were exposed to higher temperatures at rewatering, while the earlier 
entries performed under a lower drought intensity. He also noted the 
significance of moisture stress during flowering on spike formation, 
sporogenesis, fertilization and embryo development. 
Bidinger et al. (2) demonstrated that 27 percent of the final 
grain yield in wheat could be attributed to assimilates stored before 
anthesis under drought conditions. On irrigated wheat, only 13 per­
cent of the final yield was attributed to stored assimilates. In 
areas experiencing late moisture stresses, cultivars which store lar­
ger quantities of assimilate (before anthesis) may benefit. 
Based on previous work cited by Fischer (7) , an experiment 
was designed to study the effects of water stress near heading. 
Stress at this stage of development decreased yields through lower­
ing the number of kernels per spike. Kernels per spikelet were most 
significantly reduced with drought periods (of 1-4 days) occurring 
five to fifteen days before heading. Meiosis in pollen grains occurs 
during this time frame and was believed to have been affected much as 
described by Bingham (3) . The same stresses also reduced photosyn­
thetic area drastically and total grain weight per spike. 
. . 
I - -------
Future studies on drought resistance in plants, based on 
reviewed literature, need to identify those characters which enhance 
productivity in any one environment. Genotypic differences in water 




MATERIALS AND METHODS 
An experiment involving five spring wheat cultivars (Triticum 
asetivum L. ) was conducted on the Central Research Station at High­
more, South Dakota on a Glenham loam in 1979 and 1980. The longterm 
rainfall average of 27. 8 centimeters for the period of April through 
July (growing season) increased the possibility that plants could be 
evaluated under moisture stress conditions. Longterm average temper­
ature for the same period was 15. 9  degrees centigrade. 
Bounty 309 (CI 17315), World Seeds 1809 (CI 15012) , Protor 
(CI 17409) , Butte (CI 17681) , and Waldron (CI 13958) were the culti­
vars evaluated. A five by five Latin square design was chosen. 
Plots were planted using a small research planter having seven drill 
openers. Seed was planted in a cone distributor and then dropped on 
an electric spinner for even distribution of seed. A commercial 
planting rate of 84 kilograms per hectare (approximately 240 plants 
per square meter) was seeded in 17. 8 centimeter row spacings. Plots 
were planted 4. 57 meters long and cut back to 4. 27 meters just prior 
to heading. Alleys (1. 52 meters wide) separated each range of plots. 
These experiments were planted on April 20, 1979 and April 15, 1980. 
Plant samples were ta.ken periodically throughout the growing 
season. Sampling intervals were shorter in 1980 due to a higher 
moisture stress which hastened crop development. A one-half meter 
sample was ta.ken from each plot per sampling date for determination 
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of dry matter weight, total leaf area, and tiller number. Separate 
plots were harvested for determination of yield and yield compo­
nents. Samples were cut at ground level, placed in a plastic bag, 
and kept on ice for transport. 
All plant samples were processed in the following manner 
within forty-eight hours of sampling. First, the total number of 
tillers per sample was counted. Leaf area was then determined by 
removing all leaves and measuring the total area (square centimeters) 
of a subsample using an electronic area meter (Li-Cor, Inc. , Lincoln, 
Nebraska) . These subsamples consisted of twenty (20) leaves in 1979 
and thirty (30) leaves in 1980. Leaves and culms were then dried at 
32 degrees centigrade until no further weight loss was detected. 
Weights of the culms, leaf tissue and subsample leaf tissue were 
then recorded. Total leaf area was calculated by multiplying the 
leaf area per gram of the subsample by the total leaf weight per 
sample. Dry matter was calculated as the sum of all sample weights. 
Separate samples were taken for the determination of osmotic 
potential. As per method described by Keim (18) , samples were taken 
between 12: 00 p. m. and 1: 00 p. m. During the early development 
stages, only the last fully extended leaf was sampled. Once the 
flag leaf was fully extended in fifty percent of the plants, it then 
became the leaf sampled. Three leaves per plot were randomly sam­
pled from the five innermost rows. They were then placed in a short 
length of tygon tubing and rubber stoppers were placed on both ends 
to provide an airtight holder. These holders were then placed 
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directly on dry ice (-79 degrees centigrade) for instant freezing. 
The quick freezing caused the formation of ice crystals and subse­
quent breakage of cell membranes, thus allowing for the direct meas­
urement of the intracellular fluid. Samples were kept frozen until 
determinations were made. 
Osmotic potentials were determined using a Wescor C-5 2 sample 
chamber in conjunction with a Wescor HR-33T dew point microvoltrneter 
(Wescor, Inc., 459 South Main Street, Logan, Utah 84321) . The sample 
tubes were thawed to room temperature and p�aced in a bench vice to 
extract the cellular liquid from the leaves. A circular filter paper 
disc (made with a standard paper punch) was soaked in the cellular 
liquid for approximately ten (10) seconds. The disc was then placed 
in the C5 2 sample chamber and given ninety (90) seconds for moisture 
equilibration. A cooling current, provided by the HR-33T, of ten 
(10) seconds was supplied to the thermocouple in the sample chamber, 
allowing water to condense on the thermocouple. The dew point micro­
voltmeter then held the temperature in the chamber at the dew point 
mark. The number of microvolts produced by the difference between 
the reference junction and dew point junction was then recorded. The 
actual pressure measurement (in bars) was then determined from a 
standard curve. Standard molal solutions (potassium chloride) of 
0. 1, 0. 3 and 0. 5 were used to acquire this curve before each sampling 
date was run. At twenty-five degrees Celsius (25 °C) a 0. 1 molal 
solution has a theoretical water potential of -4. 59 bars while the 
0. 3 and 0. 5 molal solutions have water potentials of -13. 47 and 
13 
-22. 30 bars respectively. 
Plots were harvested using a small plot combine. Samples 
were dried to approximately 12 percent moisture before weighing. A 
final one meter sample was used for the determination of spike num­
ber. Kernel weight was determined based on the weight of 200 ker­
nels. Spikelets per spike were determined by counting seed bearing 
spikelets on twenty randomly selected heads per plot. Kernels per 
spike were determined by estimating the number of seeds harvested per 
one meter sample (sample weight divided by kernel weight) and divid­
ing by the spike number. 
All statistics were computed with the help of packaged pro­
grams from the Statistical Analysis System (34) . All differences 
were determined using the Bayes least significant difference test. 
All correlations were run using the Pearson correlation coefficient 
and associated probabilities. Path coefficients, as described by 
Dewey and Lu (6) , were computed to evaluate the relationship between 
yield and components of yield. 
410443 
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RESULTS AND DISCUSSION 
Comparisons of Growing Seasons 
The test site was chosen because its yields tend to be rela­
tively low and rainfall minimal during the growing season. Rainfall 
data for 1979 and 1980 and departures from normal are presented in 
Table 1. Precipitation for the preceding year (1978) was 1. 7 centi­
meters above normal. 
Total rainfall during the growing season in 1979 (May-July) 
was 24. 79 centimeters. This was 1. 78 centimeters above the longterm 
average. Near normal amounts of rain during May were followed by a 
dry period during June (3. 30 centimeters below normal) . From heading 
on, plants received above average precipitation (5. 00 centimeters 
above normal for July) . In 1980, p�ecipitation during the growing 
season (April-June) was 6. 14 centimeters below normal (15. 17 centi­
meters of total rainfall) . Precipitation was below normal throughout 
the growing season. May received 4. 06 centimeters less than normal. 
Visual evidence of plant stress was apparent during this period. 
Although precipitation was only slightly below normal in June, 31. 8 
percent of the total rainfall came on June 28, which was after kernel 
development. 
Near average temperatures 1ere recorded at the Highmore sta-
tion during 1979. ay was 1. 7 degrees below average (11. 9 egrees 
centigrade), while temperatures during June and July were near normal 
TABLE 1. Monthly precipitation (in centimeters) at 
Highmore, South Dakota in 1979 and 1980. 
1979 1980 
Month Total Departure* Total Departure 
January 1. 67 . 89 1. 14 . 36 
February . 86 -. 48 . 96 -. 38 
March 2. 16 . 02 1. 65 -. 48 
April 3. 12 -1. 68 3. 18 -1. 57 
May 6. 55 . 08 2. 41 -4. 06 
June 6. 78 -3. 30 9. 58 -. 51 
July 11.45 5. 00 5. 72  -. 74 
August 7. 59 1. 6 2  7. 37 1. 40 
September .13 -3 . 96 1. 09 -2. 99 
October 3. 30 .13 8. 38 5. 20 
November . 38 -1. 02 . 46 -. 94 
December . 25 -. 76 1. 04 . 02 
Annual 44. 24 -3. 46 42. 98 -4. 69 
*Departure from normal 
Source: ational Oceanic and Atmospheric Administration, 
ational Climatic Center, Asheville, .c. 
15 
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(19. 2 and 22.3 degrees centigrade respectively) .  Temperatures were 
above average for the 1980 growing season. April and June experi­
enced temperatures 1. 8 degrees above normal. Average temperatures in 
May were 2. 4 degrees above normal. 
Plant growth stage, at each sampling date, is described in 
Figure 1. Plants developed in a shorter period of time in 1980 due 
to the dry, hot weather. World Seeds 1809 was earliest among culti­
vars (See Table Al) in both years and was known to be one of the 
earliest cultivars available in the spring wheat region. Butte was 
slightly later than World Seeds 1809, followed in order by Prator, 
Waldron and Bounty 309. 
In summary, total rainfall during the growing season was less 
in 1980 than in 1979, which led to a shorter growing season. The 
amount and timing of rainfall in 1979 was much more beneficial, with 
a large amount corning at more critical stages (between jointing and 
heading) . The majority of the rainfall in 1980 for the month of June 
came at heading or later. Rainfall during the month of May was 4. 06 
centimeters below normal. Average temperatures were higher in 1980. 
Grain Yield and Yield Components 
A nonsignificant year by genotype interaction (Table A4) indi­
cates cultivars responded alike across years in yielding ability. 
Yields in 1980 were 37. 5 percent lower and cultivar differences were 
more pronounced (Table 2) . Butte ranked fourth in 1979 but ranked 
second in the drier 1980 season. Bounty 309 ranked first in both 
















FIGURE 1. Growth stage at various sampling dates for 1979 and 1980 
10 20 30 40 50 60 70 




Table 2. Grain yield and test weight for five cultivars grown at Highmore, South Dakota, 
in 1979 and 1980. 
Grain Yield Test Weight 





Bounty 309 2.29a 1.46a 1.88a 751.6 722. 0 736.8 
Bulte 2. 0lab 1. 34ab 1.68b 786.4 746. 5 766.4 
Prator 2.26a 1. 32b l.79ab 760.6 723. 3 741.9 
Waldron 2.08a 1.29b 1. 68b 750.3 646. 1 698. 2 
World Seeds 1809 1.75b 1.06c 1.40c 770. 9 712. 9 741.9 
Mean 2.08 1.29 1.69 764. 0 710. 2 737.0 
Bayes L.S.D. 0.29 0.13 0.18 
(K Ratio = 100:1) 




year average, Bounty 309 was significantly higher in grain yield than 
Butte, Waldron, and World Seeds 1809, and World Seeds 1809 was sig­
nificantly less than all other cultivars evaluated. 
Test weight rankings were similar among years (Table 2) . 
Average test weight was reduced by 7. 1 percent due to the hot, dry 
weather of 1980. Butte maintained the highest test weight in both 
years. Waldron's test weight was extremely low in 1980 and was also 
the lowest of all entries in 1979. 
Cultivar differences in kernel weights (Table 3) were non­
significant in 1980, but in 1979 cultivar differences were signifi­
cant. Butte, characterized by high test weights, had excellent ker­
nel weights in both years while World Seeds 1809 had the lowest 
weights of all entries for each year. Kernel weight was not differ­
ent over years. 
No cultivar differences in spike numbers were found in 1979. 
Significant differences were noticeable in 1980 (Table 3) . Averaged 
over entries, spike production was ten percent lower in 1980. Butte 
and Bounty 309 actually produced a slightly higher number of spikes 
in 1980 while Prator, Waldron and World Seeds 1809 produced a lower 
number of tillers. 
The ability of Bounty 309 and Butte to attain nearly the same 
number of mature spikes during years with contrasting moisture sup­
plies was unusual. It is apparent the stress imposed in 1980 was 
severe enough to curtail spike production in World Seeds 1809, al-
dron, and Prator. orld Seeds 1809 headed re ative y ear ier in 980 
TABLE 3. Mean kernel weight, spike number, kernels per spike and spikelets per spike for five cultivars grown at 
Highmore, South Dakota in 1979 and 1980. 
Kernel Wei9ht 
Cultivar 1979 1980 Average 
grams/1000 




World Seeds 1809 26.5d 
Mean 27.6 
Bayes L.S.D. 0.8 
(K Ratio = 100:1) 










1979 1980 Average 
363 400a 382 
360 389ab 374 
415 351b 383 
447 375ab 411 
416 284c 350 
400 360 380 
N.S. 42 N.S. 
18.8 8.8 18.3 
Kernels/SJ2ike 















































than in 1979 in relation to the other entries in this test. This 
cultivar appeared to respond more quickly to the soil moisture stress 
imposed upon it, and in so doing, was unable to take advantage of the 
later rains. 
No significant cultivar differences in the kernel number per 
spike occurred in either year (Table 3) . Large unaccounted variation 
occurred (coefficients of variation were 25. 9% and 16. 4% for 1979 and 
1980 respectively) . The sample size (20 spikes per plot) may have 
been inadequate to depict cultivar differences. Cultivar differences 
occurred in 1979 while very slight differences in entry means oc­
curred in 1980. 
Data suggest that spikelet number limits the performance of 
World Seeds 1809 having the lowest spikelet number in both years. 
All cultivars produced fewer spikelets in 1980 than in 1979. Butte, 
on the other hand, produced spikelet numbers equal to World Seeds 
1809 in 1980, a dry year, but outyielded this variety by 21 percent. 
Butte's apparent advantage over World Seeds 1809 was its ability to 
maintain a higher test weight and spike production. 
Correlations between grain yield and yield components (Table 
4) indicate that the number of mature spikes produced was most impor­
tant for higher yields in the drier 1980 season. For 1979, spike 
number did not significantly correlate with yield. Characteristics 
of the spike itself were more important in contributing to yields 




TABLE 4. Correlations among yield and yield components 
in 1979 and 1980. 
1979 
Kernel Spikes/ Spikelets/ Kernels/ 
Weight m2 Spike Spike 
Yield -. 0002 -. 1835 . 7699** . 6357** 
Kernel 
Weight . 0462 . 2342 -. 1960 
Spikes/ 
m2 -. 2269 -. 8370** 
Spikelets/ 
Spike . 5302** 
1980 
Kernel Spikes/ Spike lets/ Kernels/ 
Weight m2 Spike Spike 
Yield . 1718 . 6315** . 2630 -. 2864 
Kernel 
Weight . 3393 . 0460 -. 0165 
Spikes/ 
m2 . 2574 -. 1490 
Spikelets/ 
Spike -. 1044 
*Significant at the . 01 level of probability. 
**Significant at the . 05 level of probability. 
22 
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A significant negative correlation between spike number and 
kernels per spike occurred in 1979 only (Table 4). This indicates 
one may indirectly select for lines with greater spike production by 
selecting for a low number of kernels per spike. Lines identified as 
having low kernel counts may be those that are capable of producing 
more secondary tillers, which commonly have smaller spikes, when com­
pared with those on primary tillers. The number of spikes produced 
was negatively correlated with the number of kernels per spike in 
1979. If such a correlation would hold up with a larger number of 
entries, it would indicate that breeding for increased spike produc­
tion and kernel production may be difficult in low yielding environ­
ments. Hurd (16) suggested that large spike numbers may lower yields 
by reducing soil moisture supplies at a faster rate. However, Keim 
(20) found final spike number important in determining yield at three 
test sites in 1973. 
Dry Matter Production 
The moisture stress during the early part of 1980 led to dif­
ferences between cultivars in dry matter production (Table 5), while 
no significant cultivar differences were observed during any sampling 
stage in 1979. Bounty 309 maintained the highest dry matter produc­
tion in 1980 throughout the growing season. In 1979, Bounty 309 
maintained the highest dry matter production in all but two sampling 
dates (early boot and heading). 
Year 





World Seeds 1809 
Mean 
Bayes L.S.D, 
(K Ratio = 100:1) 
c.v. (\) 
TABLE 5. Total dry matter weight (grams/square meter) 
1979 1980 
38 48 57 69 78 36 48 56 
80.9 226.1 334.1 577.0a 704.2 73.la 131.6 235,la 
77.6 263.2 312.7 526.4ab 583.8 58,5b 121. 5 183.3ab 
73.1 212.6 357.7 508. 4ab 590.6 57.4b 114. 7 190,lab 
76.5 231. 7 325.1 481.4b 579.3 55.lbc 112,5 154.lb 
69.7 235.1 361.1 565.8ab 569.2 43.9c 95.6 150,7b 
75.5 233.7 338.1 531. 8 605.4 57.6 115.2 182.7 
N.S. N.S. N.S. 86.6 N.S. 57.6 N.S. 56.2 






















Evaluation of crop growth rate values (grams of dry matter 
accumulation per square meter per day) shows a large difference in 
years between the first and second sampling dates (Table AS). Growth 
during this period in 1980 was extremely slow due to water stress. 
Keim (18) described a drought resistant winter wheat which main­
tained a high rate of growth during grain fill. Both Bounty 309 and 
World Seeds 1809 maintained the same crop growth rates under mois­
ture stress from heading on in 1980 but yielded significantly dif­
ferent. In 1980, Bounty 309's growth rate was nearly twice that of 
World Seeds 1809 during the boot stage. 
Comparing Bounty 309 and World Seeds 1809 data (Figure 2) 
indicates: (1) Bounty 309's growth rate between the boot stage and 
heading was nearly twice that of World Seeds 1809 in 1980; (2) other 
periods of growth showed cultivar differences during 1980; (3) in 
1979, cultivar growth rates were similar throughout most of the grow­
ing season, except that dry matter weight all but ceased in World 
Seeds 1809 from mid grain fill through the milky ripe stage, while 
Bounty 309 continued to increase dry matter production. 
Tiller Production 
Differences in the total number of tillers at any one sam­
pling date between cultivars, in 1979, were small or for the most 
part were nonsignificant (Table 6) . Samples taken fifty-seven days 
after planting (heading) showed a significant difference. Bounty 
309 was the only entry that increased its number of tillers (by 
FIGURE 2. Comparison of crop growth rates for Bounty 309 <e) and 
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World Seeds 1009 753.6 
Mean 823.4 
Bayes L.S.D. N.S. 
(K Ratio = 100:1) 
c.v. (%) 16.4 
TABLE 6. Tiller number per square meter. 
)979 
48 57 69 78 36 48 
674.9 888.6a 584.9 562.4 753.6ab 708.7ab 
731. 2 641.2b 494.9 551.2 708.7b 607.4ab 
911.1 663.7b 663.7 584.9 866.la 798.6a 
798.6 629.9b 629,9 551.2 776.2ab 708.7ab 
697.4 618.7b 618.7 663. 7 539.9c 551.2b 
762.6 688.4 598.4 582.7 728.9 674.9 
248.8 182.2 N.S. N.S. 147.4 187,8 
19.8 17.9 27.1 24.8 14.4 18.0 
1980 
56 63 
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32. 4%) between early boot and heading. This increase in tillering 
related to a corresponding increase in leaf area ( Table 7) . As sum­
marized earlier, a rain during this period may have promoted tiller 
development in Bounty 309, but all other varieties experienced a 
decrease in tiller number during this period. The variation in til­
ler counts was extremely high (C. V. = 18. 0%) , but the raw data for 
Bounty 309 had counts of Bl, 81, 55, 81, and 99 tillers per sample, 
giving strong evidence to support that this increase was real. 
Bounty 309 had a large reduction in its tiller count through flower­
ing and grain fill , while the other entries remained constant. This 
influx of tillering and subsequent increase in leaf area just before 
and during the heading process may have benefited Bounty 309 by 
increasing its photosynthetic capacity. 
In 1980, differences in tiller number occurred among the cul­
tivars throughout the growing season. Early tiller production in 
1980 was severely limited in World Seeds 1809, while other entries 
were only slightly lower. Bounty 309 and World Seeds 1809 were sig­
nificantly different at all but one sampling date. 
Leaf Area 
During 1979 and 1980 significant cultivar differences �n leaf 
area were observed (Table 7), but variation among samples was large, 
with coefficients of variabilities ranging from 14. 8% to 55. 2%. 
During 1979, cultivar differences in leaf area were not 
detected until sixt ·-nine days from planting. Combinations of 
TABLE 7. Total leaf area in  square centimeters per sample. 
Year 1979 
Days a f ter Planting 38 48 57 69 
Bounty 309 2210 . 4  2363 . 4  2928.1 1248.4ab 
Butte  2055.1 2829.8 2244.7 1063 . 3b 
Protor 2187 . 8  2791.6 2569.8 1477 . 3a 
Wa ldron 1858 . 2  2572 . 6  2051 . 5 1226.4ab 
Wor ld Seeds 1809 1626.2 2458.2 2278.3 1225 . 7ab 
Mean 1987.5 2603.1 2414.5 1248.2 
Bayes L.S . D. N.S . N.S. 951.9 283.6 
(K Ra tio = 100 : 1) 
. c . v. (\) 19.9 25 . 2  23.7 14 . 8  
78 
742 . 4a 
476.5a 
7 1 5.8ab 
546.5ab 
225.3b 














965.0a 911. 3a 
9 37.5 a  640.lcd 
997 . 8a 709.0bc 
954.4a 831 . 9ab 
527 . lb 472 .9d 
876.4 317.0 
407.7 182.1 
29 . 8  18.7 
63 70 
1134.5a 820 . la 
1085. 5ab 421. 3b 
1064.lab 455 . Jb 
1316 . 4a 498.7b 
809.4b 422.5b 






genotypic differences and soil moisture deficits during the spring of 
1980 brought about distinguishable differences as early as thirty-six 
days. It must be noted that larger leaf samples (thirty leaves 
instead of twenty) were used in 1980 to estimate total leaf area in 
order to better sample leaf area. 
Bounty 309, a high-yielding cultivar, attained a relatively 
large leaf area early and retained this leaf area for a longer period 
of time than World Seeds 1809 . World Seeds 1809, which headed approx­
imately two days earlier than Bounty 309 and yielded significantly 
less in both years, did not produce as much leaf area early in the 
growing season and leaf area duration was not as long . This would 
support Simpson ' s  conclusions (31) that both leaf area quantity and 
leaf area duration are important considerations. 
As with other traits, the differences observed among culti­
vars in leaf area was greater in 1980. Upon receiving a significant 
amount of rainfall midway through the season, leaf area increased 
dramatically for all cultivars, with Bounty 309 showing the smallest 
percent increase. The amount of leaf area present in World 3eeds 
1809 nearly doubled between the third and fourth sampling dates, but 
Bounty 309 increased only twenty-four percent. The fact that Bounty 
309 ' s  leaf area was much larger and leaf area duration longer was 
clear and could help explain Bounty 309 ' s  high yield. 
31 
Osmotic Potentials 
Osmotic potentials were nearly identical for the first sam­
pling date for both years (Table 8) . Rain the day before the second 
sampling in 1979 increased osmotic potentials ; with the lack of rain 
in 1980, osmotic potentials decreased and continued to do so through­
out the season despite a sizable rain just after heading (3. 0 centi­
meters) . Readings for the rest of the 1979 season also decreased 
throughout the year and attained values near those of 1980 during 
the grain fill period. 
Cultivar differences were observed in both years . Three of 
the five sampling dates yielded significant differences each year, 
with only one sampling period (early boot) indicating cultivar dif­
ferences in both years. Readings averaged -10. 2 bars in 1979 and 
-16. 2 bars in 1980. This suggests an opportune period for taking 
readings, since cultivar differences were found at both extremes and, 
according to Fischer (7) , a period most sensitive to moisture stress . 
In contrast, entry differences during the first and fourth sampling 
dates were significant only in one year, even though osmotic poten­
tials were relatively equal between years . 
If osmotic potential (reaction to stress) is an indication of 
the potential yield of any one cultivar under moisture stress, a par­
ticular growth stage in which genotypic differences are greatest and 
are most related to yield should be identified. For this study, that 
particular stage is unclear due to various cultivar ranking differ­
ences. During the 1979 and 1980 growing seasons, the ranking of 
Year 





World Seeds 1809 
Mean 
Bayes L . S . O .  
(K Ratio = 100 : 1 )  
C.V . ( \ )  
TABLE 8 .  Osmotic Potentials  (in bars o f  pressure) . 
1979 
38 48 57 69 78 36 48 
-15 . 9c -9 . 4a -12 . 3a -20 . 7  - 1 8 . l -15.2 -17 . lb 
- 1 4 . 4ab -9 . 6a - 13.Sab -23 . 3  - 1 9.3 , -14.5 -16 . 0a 
-14 . 4a -9 . 9a -14.5ab - 2 1 . 8 -16.7 - 15 . 0  -16 . 0a 
- 1 5 .  8bc -11. 4b -16 . 2b -21. 2 -19 . 6  - 14 . 8  -15 . 6a 
-13 . 9a - 10 . 6ab - 13 .  Jab -22 . 0  - 18 . 6  - 1 5 . 1  -16 . 4ab 
- 1 4 . 9  - 10 .  2 -14 . 0  -21 . 8  - 18 . 5  -14.9 - 16 , 2  
1 . 4  1 .  2 3.0 N.S. N. S. N. S.  1.0 
6 . 6  8 . 2  4 . 2  9 . 9  9 . 6 4 . 8  4 . 2  
1980 
56 
- 1 7.6 
-18 . 2  
-17 . 1  
-17.7 










-20 . 6  
3 . 3  
10 . 7  
70 
-22 . 7b 
-22 . 0b 
-20 . la 
-22 . 2b 
-19 . 8a 
-21. 3 
1 . 8  




entries according to their osmotic potentials varied between sampling 
dates. Bounty 309 was characterized as having a lower osmotic poten­
tial (higher internal stress) during the early part of the growing 
season in both years. During the grain filling process, Bounty 309 
attained an osmotic potential in between the other varieties in 1980 
and a higher potential in 1979. During the same year, World Seeds 
1809 followed much the same pattern as did Bounty 309 (Figure 3) , yet 
it yielded significantly less. The only time World Seeds 1809 dif­
fered from Bounty 309 was thirty-eight days after planting in 1979 
and seventy days after planting in 1980. 
With so many factors influencing osmotic potential data, one 
must be very cautious interpreting such data. Osmotic potential is 
only one component of total water potential. This study does not 
consider turgor pressure or total water potential. As mentioned pre­
viously, it has been shown (8) that even though two cultivars may 
have the same osmotic potential, they would not necessarily have 
identical turgor potentials. Plant growth stage, sampling (time of 
day, tissue sampled, etc. ) , and the micro environment are only a few 
of these factors that will greatly influence osmotic potential. 
Readings taken on a weekly basis may not be sufficient due to the 
fact that visual stress may occur within a shorter time span. Daily 
readings at dawn or midday would be much more accurate. If such 
readings were taken during floral initiation, anthesis and grain 
fill, under a controlled environment to eliminate "untimely" rain 
showers, one could acquire more meaningful data. This, of course, 
F IGURE 3 .  Osmotic potentials for World Seeds 180 9 ( • )  and 
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requires much more effort and would not be practical for plant breed­
ing programs. Perhaps weekly measurements could be taken within a 
plant breeder's germ plasm to roughly identify advanced lines which 
may exhibit a particular osmotic potential trait (e. g. , one which 
keeps a relatively low or high osmotic potential during moisture 
stress) . These lines may then be studied more extensively to better 
understand relation to yield and heritability characteristics. From 
the data presented, it is clear that none of the five varieties 
exhibits a consistent osmotic potential reaction. It is also evident 
that severe water stress is needed to better identify large differ­
ences between entries. 
Correlation of measured traits during the growing season with grain 
yield and yield components 
Correlation coefficients were calculated between traits meas-
ured and yield components (Tables 9 and 10) . 
Final leaf area was the only trait that correlated with grain 
yield in 1979. Osmotic potentials did not correlate with grain yield. 
Keim (20) suggested this would indicate that stress tolerance was 
important to high yields. Total dry weight and tiller number were 
not correlated with yield in 1979. Correlations with kernel weights 
did not exist. 
In 1980, leaf area was significantly correlated to yield in 
all but one sampling date (stage 9) . Dry weight correlated to yield 
in three of five sampling dates. These correlations indicate t at 
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TABLE 9 .  Correlation coefficients between yield and yield compon­
ents to osmotic potentials ( rr ) , leaf area (LA ) , dry weight 
( DW ) , and tiller number ( T ) for 19 79 . 
Sampling Yield Kernel 
Date Weight 
6/7 
TT -0 . 308 0 . 180 
LA 0 . 387 0 . 346 
DW 0 . 126 0 . 15 1  
T 0 . 094 0 . 103 
6/17 
TT 0 . 058 0 . 198 
LA 0 . 055 0 . 103 
DW 0 . 0 15 0 . 341 
T 0 . 290 -0 . 00 7  
6/27 
TT 0 . 05 4  -0 . 125 
LA 0 . 210 0 . 0 79 
DW -0 . 0 27 -0 . 0 19 
T 0 . 354  0 . 09 1  
7/8 
TT 0 . 00 1  0 . 006  
LA 0 . 263 -0 . 033 
ow 0 . 009 0 . 038 
T 0 . 082 0 . 00 7  
7/17 
TT 0 . 30 4  -0 . 245 
LA 0 . 5 73 * *  0 . 140 
ow 0 . 272  0 . 0 43 
T -0 . 0 98 -0 . 189 
*Significant at the . 5 level 
* *Significant at t�e . 0 1 level 
Spike Kernels/ Spi kelets/ 
Number Spike Spike 
0 . 33 9  -0 . 477*  -0 . 298 
0 . 0 15 0 . 089 0 . 430 * 
0 . 35 8  -0 . 246 0 . 290 
0 . 3 7 4  -0 . 215 0 . 23 1  
-0 . 228 0 . 164 0 . 335 
0 . 0 9 7  -0 . 090 0 . 063 
0 . 4 28* -0 . 398* 0 . 10 4  
0 . 3 14 -0 . 125 0 . 165 
-0 . 3 4  7 0 . 273 0 . 189 
0 . 145 O . O ll 0 . 4 12* 
-0 . 0 76 0 . 0 15 -0 . 033 
0 . 03 1 0 . 190 0 . 5 49* * 
0 . 5 20 * *  -0 . 334 0 . 177 
0 . 50 1* *  -0 . 27 7 0 . 169 
0 . 093  -0 . 10 2  0 . 056 
0 . 335 -0 . 217 -0 . 0 45 
-0 . 05 1  0 . 24 1  0 . 25 9  
0 . 19 2  0 . 138 0 . 6 21* * 
0 . 00 7  0 . 183 0 . 465 * 
0 . 0 4 7  -0 . 03 7  -0 . 163 
37 
TABLE 10. Correlation coefficients between yield and yield compon­
ents to osmotic potential (TT) , leaf area (LA) , dry weight 
(DW) , and tiller number (T) for 1980. 
Sampling Yield Kernel 
Date Weight 
5 /21 
1T -0. 093 -0. 125 
LA 0. 392* 0. 030 
DW 0. 561* * 0. 083 
T 0. 543* * -0. 025 
6 /2 
TI -0. 176 -0. 074 
LA 0. 361 0. 146 
DW 0. 369 0. 126 
T 0. 188 0. 086 
6 /10 
TI 0. 226 0. 218 
LA 0. 401* -0. 080 
DW 0. 330 0. 161 
T 0. 337 0. 177 
6/17 
0. 192 -0 . 137 
LA 0. 491* * 0. 008 
DW 0. 566* *  0. 294 
T 0. 321 0. 286 
6/24 
'.IT -0. 594 * *  0. 361 
LA 0. 506 * *  -0. 258 
DW 0. 411* -0. 253 
T 0. 513* * -0. 238 
* Significant at the . O S  level 
**Significant at the . 01 level 
Spike Kernels/ Spikelets/ 
Number Spike Spike 
0. 184 0. 065 -0 . 171 
0. 294 -0. 348 0. 318 
0. 402* -0. 193 0. 306 
0. 368 -0. 35 2 0. 456 *  
0. 019 -0 . 135 -0. 063 
0. 464 *  -0. 354 0. 053 
0. 361 -0. 296 -0. 109 
0. 126 -0. 399* 0. 282 
-0. 127 -0. 310 0. 210 
0. 548 * *  -0. 219 0. 5 26 * *  
0. 376 -0. 074 0. 274 
0. 517* * -0. 060 0. 614* *  
0. 031 -0 . 132 0. 031 
0. 485 * *  -0. 483* * 0. 198 
0. 537* * -0. 285 0. 046 
0. 377 -0. 235 0. 293 
-0. 486 * *  0. 361 -0. 169 
0. 486 * *  -0. 258 0. 226 
0. 345 -0. 253 -0. 034 
0. 460* -0. 237 0. 287 
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early growth or vigor was important along with maintenance of high 
dry weight production and leaf area throughout the year. Leaf area 
correlated well with spikes per square meter, indicating increases in 
leaf area were attained through an increase in leaf number. Leaf 
size was not considered in this study, but , upon visual evaluation of 
plots throughout 1980 , it was evident that World Seeds 1809 was char­
acterized as having smaller leaves than Bounty 309 . 
Path Coefficient Analysis 
As per method described by Dewey and Lu (6), path coeffi­
cients were computed to clarify correlation coefficients (Table 11). 
Direct effects (standardized partial-regression coefficients) of 
yield components, final dry weight and final osmotic potential on 
yield are listed along with indirect effects. The direct effects 
represent what would happen to yield if all other variables were kept 
constant. 
In 1979 spike number and kernels per spike had large positive 
direct effects on yield. The direct effect of spike number was off­
set by a large negative indirect effect on yield through kernels per 
spike or when spike number increas ed kernels per spike decreased. 
This led to a nonsignificant correlation (-0. 18) between spike number 
and yield. The direct effect of kernels per spike was slightly off­
set through an indirect effect on yield through spike number but 
still maintained a significant positive correlation with yield. 
Spi�elet number . ad a s  all direct effect on yield, but had a large 
TABLE 11 . Path coefficient analys is of yield 
Indirect 
Relationships Direct Kernel Spikes Kernels 
of Yield and : Effect Weight /m2 
Kernel Weight . 2 4 . OS 
Spikes/m2 1 . 16 . 01 
Kernels/Spike 1 .  57  - . OS - . 97  
Spike lets/ 
Spike . 18 . O S - . 2 3 
Dry Weight - . 14 . 0 1  . 0 1  
Osmotic 
Potential . 06 - . 06 - . 05  
Kerne l  Weight - . 0 7 . 13 
Spikes/m2 . 38 - . 0 2 
Kernels/Spike - . 04 . 00 - . 06 
Spikel ets/ 
Spike . 11 . 00 . 10 
Dry Weight . 22 - . 01  . 13 
Osmotic 
Potential - . 34 . 01 - . 18 
Kernel Weight - . 0 3  . 08 
Spikes/m2 . 44 - . 01 
Kernels/Spike . 67 . 00 - . 17 
Spikelets/ 
Spike . 13 . oo . 04 
Dry Weight . 2 7 . 00 . 12 
Osmotic  
Potential - . 04 . 00 . 01 
* Siqnificant at the . 05 level . 
* * Siynificant at the . 01 leve l .  
/Spike 
1979 
- • 3 1  
- 1 . 3 1 
. 8 2 
. 2 9 
. 3 7 
R
2 





. 0 1 
- . 0 1 
R
2 
= . 5614  
Ove r Years 
- . 02 






. 8630  
3 9  
Effects via : 
Spike lets Dry Osmotic Total 
/Spike Wt . Pot�ntial ( r )  
. 04 - . 0 1 - . 01  . oo 
- . 04 . 00 . 00 - . 18 
. 09 - . 0 2 . 01 . 64 * *  
- . 06 . 01 . 77**  
. 08 . 0 3  . 2 7 
. 0 4  - . 0 7  . 29 
. 01 . 04 . 06 . 17 
. 0 3 . 08 . 17 . 6 3**  
- . 01 - . 06 - . 12 - . 29 
- . 01 . 06 . 26 
. 00 . 06 . 4 1* 
- . 0 2 - . 04 - . 59**  
. 0 2 . 0 2 . oo . 0 7 
. 01 8 . 00 . 26 
. 0 7  . 14 - . 0 2 . 6 9**  
. 14 - . 0 1 . 64**  
. 06 - . 0 2 . 79**  
. 04 . 16 . 5 3**  
positive indirect effect on yield through kernels per spike, which 
contributed to a highly significant correlation coefficient. 
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Direct effects on yield were not as large in 1980 (Table 11) 
as they were in 1979. The amount of unexplained variability was 
larger with an R2 of . 5614. Spike number and dry weight had the 
largest positive direct effects on yield, which contributed to sig­
nificant correlation coefficients. A highly significant negative 
correlation existed between yield and osmotic potential, which was 
largely due to the direct effect. 
Data considered over both 1979 and 1980 indicate that spike 
number and kernels per spike had the largest direct effects on yield. 
Highly significant correlations between spikelets per spike and 
yield, dry weight and yield, and osmotic potential and yield were 
largely due to an indirect effect through kernels per spike. 
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SUMMARY 
Contrasting years, in terms of rainfall, led to not only 
lower yield levels for all cultivars, but indicated the importance 
of spike production during the drier 1980 season. Spike character­
istics, not spike production, correlated well to yield in 1979. This 
may indicate that in less stressed environments the actual structure 
of the spike, namely kernels per spike and spikelets per spike, may 
be of more importance. 
Varieties exhibited differences in osmotic potentials at var­
ious periods of growth, with more pronounced differences showing up 
in 1980. Readings taken during the early boot stage led to signifi­
cant differences in both years. Only one of the sampling dates 
(stage 1 1 . 1 ) in 1980 correlated osmotic potential with yield. This 
suggests that osmotic potentials would not be useful in a screening 
program. Turgor pressure measurements along with osmotic potentials 
may be necessary to better depict internal water stress. 
Differences in dry matter accumulation were most evident and 
contributed more to yield in higher stress conditions (1980) . Bounty 
309 maintained larger weights throughout the 1980 season in compari­
son to World Seeds 1809. This relationship was not true in 1979, a 
year with less overall stress. Tillering capacity and leaf area fol­
lowed the same general pattern for both years. Total leaf area pro­
duced by the highest yielding Bounty 309 exceeded orld Seeds 1809 
(lowest yielding) by as much as 8 3. 1  percent. The duration of leaf 
area was also longer for Bounty 309. 
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Leaf area and dry matter accumulation correlated well with 
yield in 1980 only (higher stress year) . Tillering capacity was not 
correlated with yield, but spike production showed importance in 
increasing yields in a more stressed environment. Yield differences 
between entries in 1980 (37. 5% higher yields) were benefited by 
larger numbers of spikelets per plant and kernels per spike. 
In conclusion, spike number contributed to yield in 1980 
(the drier year) , while spike characteristics (spikelet number and 
kernels per spike) were important in 1979. Maintenance of high dry 
matter weights and leaf area benefited yields in 1980, but an advan­
tage was not noted in 1979. Results indicate that osmotic potentials 
may not be useful as a screening method. 
Bounty 309 ranked first in yield in both years while World 
Seeds 1809 ranked last . More precise studies on these two cultivars, 
both growth analysis and water relations, may lead to important find­
ings on the apparent drought resistance of Bounty 309. 
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1 Growth stage of World Seeds 1809, Butte, Protor, Bounty 
309, and Waldron at each sampling date. 
Days World 
from Seeds Bounty 
Year Planting Date 1809 Butte Protor 309 Waldron 
1979 38 6/7 6 6 6 6 6 
48 6/17 10 10 10 10 10 
57 6/27 10. 5. 1  10. 5 10 . 5  10. 5 10. 5 
69 7/8 10. 8 10. 7 10. 7 10. 7 10. 6 
78 7/17 11.1 11.1 11.1 11. 1 11.1 
50% heading date 6/24 6/25 6/27 6/27 6/27 
1980 36 5/21 5 5 5 5 5 
48 6/2 10 9 9 9 9 
56 6/10 10. 5. 2  10. 5 10. 5 10. 5 10. 5 
6 3  6/17 10. 8 10. 7 10. 7 10. 7 10. 6 
70 6/24 11. 2 11.1 11. 1  11. 1 11.1 
50% heading date 6/6 6/8 6/8 6/9 6/9 
1 Growth stage based on Fee Kes Scale by Large (Plant Pathology 
3:129) 
Modifications: 10. 6 1/4 grain fill 
10. 7 1/2 grain fill 
10. 8 = 3/4 grain fill 
TABLE A2 . 1979 analysis o f  variance for grai n yield , kernel weight , 
spike number , kernels per spike , and spikelets per spike . 
Source Degrees of Mean F 
Freedom Square Value 
Variable : Grain Yield 
Rows 4 24264 . 70 1 .  34 
Columns 4 1659 . 60 0 . 09 
Varieties 4 99698 . 70 5 . 49 * *  
Error 12 18165 . 50 
Total 24 
Variable : Kernel Weight 
Rows 4 2 . 2 1 5 . 0 2 * *  
Columns 4 0 . 16 0 . 36 
Varieti es 4 4 . 9 5 11 . 26 * *  
Error 12 0 . 44 
Total 24 
Variable : Spikes Number 
Rows 4 72 . 56 1 . 6 1 
Columns 4 62 . 68 1 .  39 
Varieties 4 55 . 38 1 .  23  
Error 12 
Total 24  
Variable : Kerne ls per Spike 
Rows 4 0 . 80 0 . 9 7 
Columns 4 0 . 4 8 0 . 5 9 
Varieties 4 1 . 6 8 2 . 0 4 
Error 12 0 . 82 
Total 2 4  
Variable : Spike lets per Spike 
Rows 4 0 . 3 7 1 .  29 
Columns 4 0 . 080 0 . 27 
Varieties  4 10 . 52 36 . 68 * *  
Error 12 0 . 29 
Total 24 
* Signi ficant at the . OS leve l 
* * S ignificant at the . 01 leve l 
48 
4 9 
TABLE A3 . 1980 analysis of variance for grain yield, kernel weight, 
spike number, kernels per spike, and spikelets per spike. 
Source Degrees of Mean F 
Freedom Square Value 
Variable : Grain Yield 
Rows 4 13034. 24 3. 28* 
Columns 4 2550. 74 0 . 64 
Varieties 4 4 7185. 64  11. 87* * 
Error 12 3975. 77 
Total 24 
Variable : Kernel Weight 
Rows 4 4 . 47 1. 31 
Columns 4 2. 37 0. 69 
Varieties 4 5. 98 1. 75 
Error 12 3. 4 3  
Total 2 4  
Variable : Spike Number 
Rows 4 1. 16 0. 15 
Columns 4 15. 94 2. 01 
Varieties 4 85. 36 10. 79* * 
Error 12 7. 91 
Total 24 
Variable : Kernels per Spike 
Rows 4 0. 12 1. 71 
Columns 4 0. 25 3. 57* 
Varieties 4 0. 07 1. 00 
Error 12 0. 07 
Total 24  
Variable : Spike lets per Spike 
Rows 4 0. 4675 0. 37 
Columns 4 0. 4667 0 . 58 
Varieties 4 6. 0672 7. 48* *  
Error 12 0. 8 114 
Total 24 
*Significant at the . 05 level 
* *Sign.1.ficant at t e . 01 level 
TABLE A4 . Analysis of variance over years for grain yield ,  kerne l weight , spike number , kerne l 
nwnber , and spikelet number. 
Source Degrees Mean Squares 
of of 
Variation Freedom Yield Kerne l Weight Spike Number 
1 
Kernel Number 
Year 1 1699. 45* *  0. 48 2. 05*  578. 00* *  
Row (year) 8 1. 35 1. 2 2  0. 2 5  2. 42  
C ol (year) 8 0. 11 0 .  72 0. 26 0. 6 5  
notype 4 68. 65* * 7. 30 0. 47 37.00* 
Genotype X year 4 7.02 3. 97 1. 31 50. 50* * 
Error 24 8. 29 2. 76 0. 48 9. 64 
Total 49 
* * *  Significant at the . 01 and .05  levels of probabi lity respectively. 
1 
Values were coded (by dividing by 100 ) be fore analysis. 
Spikelet Number 
19. 2 2 * * 
0. 2 2  
0. 16 
13 . 16* 














2 . 1 2 . 0  
2 . 0  1 . 6 
1 . 9 1 . 6  
2 . 0  1 . 5  
1 . 8  1 .  2 
2 . 0 1 . 6 





14 . 5  4 . 9 
18 . 5  5 . 2  
1 3 . 9  4 . 8  
1 5 . 5  4 . 8 
16 . 5  4 . 3  
15 . 8  4 . 8  
1979 1980 
48-57  48- 56 
2 - 1  
g m d 
1 1 . 9  1 2 . 9  
5 . 5  7 . 7  
16 . 1  9 . 4  
10 . 3  5 . 2  
1 3 . 9  6 . 8 
1 1 . 5  8 . 4  
1 
Period for which rdtes are ca lculated . 
1979 1980 
57-69 56-6 3 
20 . 2  16 . 9  
1 7 . 8 2 2 . 3 
1 2 . 5  16 . 9 
1 3 . 9  26 . 3  
17 . 0  16 . 2  
16 . 3  19 . 7  
1979 
69-78  
14 . l  
7 . 6 
9 . 1  
10 . 9 
0 . 4  
8 . 4  
1980 
6 3- 70 
10 . 0  
2 . 6 
8 . 3  
3 , 8  
1 1 . 4  
7 . 2  
Vl 
1--' 
